ABSTRACT. Canine brucellosis is a contagious disease with venereal and oral modes of transmission that produces late abortion in females, epididymides and prostates in males. Diagnosis is difficult because of unstable serum antibody titers that vary from individual to individual as well as between different methods used for their detection. The objective of this work was to evaluate the clinical utility of the immunochromatographic assay (ICA) for serodiagnosis of dogs suspected of having brucellosis, and results were compared with those obtained for hemoculture (HC) and the rapid screening agglutination with 2-mercaptoethanol (2-ME RSAT). The all experimentally infected dogs were positive in ICA, HC and 2-ME RSAT from 5 weeks, 7 weeks, and 3 weeks after infection, respectively. Also, among dogs selected from 10 different breed kennels occurred brucellosis, 24.8%, 39.5% and 39.1% of dogs tested were detected as positive with HC, 2-ME RSAT and ICA, respectively. The kappa value between 2-ME RSAT and ICA was 0.89. The results of this study showed that sensitivity and specificity of the ICA are comparable with those obtained using conventional serological and bacteriological test for brucellosis. In conclusion, the ICA kit provides a handy and accurate tool for the rapid serodiagnosis of canine brucellosis. KEY WORDS: Brucella canis, diagnosis, immunochromatographic assay.
Brucella canis is the specific agent of brucellosis in dogs. Main clinical signs of this infection are abortion in pregnant bitches and orchitis, epididymides and prostatitis in males. Clinical signs are not adequate to diagnose canine brucellosis, as many infected males are clinically normal. However, the infection may be suspected when there is a history of abortion, diskospondylitis or poor reproductive performance in either sex.
Control of B. canis infection in dogs is achieved by a test and removal strategy or by castration of infected animals. Antimicrobial therapy has often yielded disappointing results with a high rate of relapses. This is probably because of the intracellular location of B. canis and the ability of the microorganism to remain in the prostatic tissue and lymph nodes where many antimicrobial agents do not reach therapeutic levels [7] .
Classical serological tests like the rapid screening agglutination with 2-mercaptoethanol (2-ME RSAT) , the tube agglutination test and agar gel immunodiffusion test are the methods most commonly used to evaluate the status of dogs before breeding or whenever brucellosis is suspected. But, these tests are sensitive but many false-positive results have been found [5, 10] . Also, blood cultures are essential for diagnosis, especially if serological results are ambiguous. The complement fixation test and the indirect enzymelinked immunosorbent assay (ELISA) with cytoplasmic protein antigen, hot saline extracts or cell-wall antigens have been proposed [2, 13, 15] . A laboratory that is capable of performing these slow and relatively complicated assays may not be available in many places. More recently, the convenience and speed of the test have been achieved by a novel concept of immunochromatographic assay (ICA) which is a simplified version of ELISA [3, 11, 20] .
The objective of this work was to evaluate the clinical utility of the ICA device for serodiagnosis of dogs suspected of having brucellosis, and results were compared with those obtained for hemoculture (HC) and 2-ME RSAT.
MATERIALS AND METHODS
Brucella strains: B. canis strain M-and wild type were obtained from the National Veterinary Research & Quarantine Service. The bacterium was grown aerobically in brucella agar (BBL, U.S.A.) for 48 hr at 37°C.
Canine sample: A total of 463 dogs were randomly selected from 10 different breed kennels that brucellosis was naturally infected. Animals' blood samples were collected with and without anticoagulant, and sera and whole blood were used for this study.
Experimental infection: Four 2-year-old schnauzer dogs of 10 ± 0.5 kg in weight were purchased from the dog farm. B. canis examination, blood test and daily clinical observation were performed during the week before infection to establish their health status. The animals were housed in separate wire cages and were kept under optimal boaring conditions. Three dogs were infected with B. canis wild type by infraorbital administration in a dose of 1.0 × 10 7 of cultures. Prior to infection and at 1 week interval after infection, the animals were examined clinically, serologically and bacteriologically for B. canis. The study lasted 11 weeks. In the course of the experiment the animals were subjected to daily clinical observation and control of their body temperature.
2-ME RSAT: 2-ME RSAT antigen was made as previously described by Carichael and Joubert [4] . The M (-) strain of B. canis were streak heavily onto brucella agar (BBL, USA) and incubated at 37°C for 72 hr. Grown colonies was suspended in sterile PBS (0.15 M, pH 7.4), inoculated onto brucella agar that contained sterile glass beads and incubated at 37°C for 48-72 hr. Grown bacteria were harvested in PBS, filtered through 4 layers of sterile gauze to remove agar bit and stained to ascertain cultural purity. The bacterial suspension was heated for 2 hr at 60°C with frequent stirring and washed by two cycles of centrifugation at 10,000 rpm for 15 min. The packed cell volume was estimated in a capillary microhematocrit and cell concentration then adjusted to about 6-8% (v/v) with PBS. Cells were stained with 1% rose bengal dye solution. Five ml of the dye solution was added to each 100 ml of bacterial cell suspension. The suspension was stirred overnight at 4°C, and sedimented by centrifugation. The stained bacterial pellet was then washed twice in 10 volumes of 0.4 M tris-maleate buffer (pH 7.0) and finally resuspended as a 6% cell suspension in tris-maleate buffer. The 2-ME RSAT using the M (-) strain of B. canis was carried out according to the technique described by Carmichael and Joubert [4] . Briefly, 25 µl of serum was mixed with equal volume of 0.2 M 2-ME solution and the mixture stood at least 45 sec. Twenty five µl of B. canis antigen was added, the suspension were then mixed and observed for agglutination after 2 min of constant rotation.
ICA: The production of antigen for ICA was carried out according by Mateu-de-Antonio [15] . The M (-) strain of B.
canis were grown aerobically in 1 l flasks containing 100 µl of Brucella agar for 48 hr at 37°C. Cells were harvested in sterile isotonic saline solution (SISS), filtered through several layers of sterile gauze to remove agar debris, and centrifuged at 3,000 × g. After 3 cycles of centrifugation under similar conditions, the pellets were resuspended in SISS in a proportion of 30 g of wet cells/150 µl of SISS. The suspension was autoclaved at 120°C and 1 atmosphere pressure for 1 hr, then was centrifuged at 10,000 × g at 4°C for 15 min.
The supernatants were collected, filtered through a 0.45 µm filter, and dialyzed against 100 volumes of distilled water during 48 hr at 4°C, with frequent changes of dialyzing fluid. Then, dialysates were centrifuged at 100,000 × g at 4°C for 6 hr. The pellet were collected, dissolved in a small amount of distilled water, and frozen at -20°C until use of each antigen in ICA. ICA kit using this antigen was made by Animal Genetic, Inc (Fig. 1) . The flow assay is performed by the addition of one drop of serum or whole blood directly onto the sample application pad in the sample well of the plastic assay device. Following the addition of 4 drops of diluent, the result is read 10 min later by visual inspection for staining of the antigen and control lines in the test window of the device. The control line should stain in all cases. The assay is scored negative when no staining of the antigen line is observed and positive when a distinct staining of the antigen line is observed. The antigen line may stain a different intensities, and a positive result was subjectively rated 1+ when staining was weak, 2+ when staining was moderate, and 3+ when staining was strong (Fig. 2) .
Blood culture: Leukocyte lysis solution was made following the technique already described [13, 14] . The solution consisted of 109.5 g of sucrose (Sigma, U.S.A.), 1.211 g of Tris base (Sigma, U.S.A.), 10 ml of 1% Triton X-100 (Sigma, U.S.A.), and 1,000 ml distilled water (pH 7.5) and was sterilized by filteration. Whole blood (3 ml) was mixed with 12 ml of the leukocyte lysis solution (at 1 ml of whole blood per 4 ml of lysis solution) for 5 min. Then, the mixture was centrifugated at 3,000 rpm for 30 min, discarded the supernatant and 100 µl of the pellet was plated on brucella agar. Once bacterial growth on the agar had been observed, bacteriological tests [1] and PCR [15] to identify were carried out.
Statistical evaluation: Cohen's kappa value was used to evaluate the agreement between 2-ME RSAT and ICA by SPSS version 12.0.
RESULTS
The results of serological and bacteriological examination from dogs experimentally infected of B. canis are presented in Table 1 . The all experimentally infected dogs were positive by HC, 2-ME RSAT and ICA from 5 weeks, 7 weeks, and 3 weeks after infection, respectively. Among 3 dogs, although 1 was HC-positive from 1 weeks after infection, the remaining dogs were positive from 4 weeks or 5 weeks. Also, dogs tested were positive by 2-ME RSAT from 3 weeks, 4 weeks and 7 weeks, respectively. In ICA, sera from 2 dogs were positive from 2 weeks after challenge, and the remainder were positive from 3 weeks. Table 2 shows the serological and bacteriological results of dogs from randomly selected 10 different breed kennels occurred brucellosis. Of 463 samples, only 115 (24.8%) were HC-positive. Otherwise, 183 (39.5%) and 181 (39.1%) were positive by 2-ME RSAT and ICA, respectively. Table 3 shows the agreement of 2-ME RSAT and ICA for antibody to B. canis using sera. One hundred and seventy of 183 2-ME RSAT positive dogs were positive by ICA and 269 of 280 2-ME RSAT negative dogs were negative by ICA. The kappa value between two serological tests was 0.89.
DISCUSSION
The diagnosis of B. canis infection in dogs is based on bacteriological examination and serological methods, usually agglutination and gel diffusion tests [4, 6] . Bacteriological studies are the only method that has been considered specific but, as intermittent periods of a bacteremia may occur, a negative blood culture cannot be used as a criterion for excluding canine brucellosis [18] . Agglutination tests have good sensitivity but their lack of specificity and the occurrence of false positive serological results make a spe-cific test necessary [9] .
The objectives of this study were to asceratin the usefulness of ICA for the diagnosis of brucellosis caused by B. canis. The assay consists of a nitrocellulose detection strip flanked at one end by a reagent pad and at the other end by an absorption pad. A simple application pad flanks the reagent pad in turn. The composite strip is contained in a plastic assay device. The detection strip contains B. canisspecific antigen as a capture probe as well as a reagent control applied in distinct lines. The reagent pad contains dried and stabilized detection reagent consisting of a colloidal gold immune conjugate. Recently, an ICA using colloidal gold particles serving as detectors were described for detecting antibodies and antigens [8, 19] . Gold labels act as markers for molecules that are otherwise invisible by eye or through other detecting systems. A colloidal gold conjugate consists a suspension of gold particles coated with a selected protein or macromolecule such as an antibody.
Sensitivity and specificity are two important characteristics of a diagnostic test. In this study, all experimentally infected dogs were positive in HC , 2-ME RSAT and ICA from 5 weeks, 7 weeks, and 3 weeks post infection, respectively. Also, among dogs selected from 10 different breed kennels occurred brucellosis, 24.8%, 39.5% and 39.1% of dogs tested were detected as positive with HC, 2-ME RSAT and ICA, respectively. Especially the agreement between 2-ME RSAT and ICA was 0.89. Landis and Koch [9] reported that the kappa value of 0.01-0.2 indicated slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 substantial and 0.81-0.99 almost perfect agreement. Therefore, this result indicated 2-ME RSAT and ICA were highly agreement.
Recently, ELISA applied to the serological diagnosis of infectious disease in one of the more common technique used. Enzyme immunoassay have been successfully applied to diagnosis of brucellosis caused by classical brucella [14, 16] . Few studies have applied ELISA to detect B. canis antibodies in dogs [13, 17] . ELISA and ICA were also more sensitive and specific than 2-ME RSAT. But the procedure of ICA was relatively more simple than ELISA. The results of this study showed that sensitivity and specificity of the ICA are comparable with those obtained using conventional serological and bacteriological test for brucellosis. In conclusion, the ICA kit provides a handy and accurate tool for the rapid serodiagnosis of canine brucellosis. ------------1 day  ------------2 day  ------------3 day  ------------4 day  ------------1 w e e k  P o s  -----------2 w e e k  P o s  -+  +  -------+  3 week  Pos  Pos  +++  +++  ---+  --++  +  4 
